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SOLAB AND SKY BADIATXON ILILEASUBEMENTS DURINQ 
NOVEMBER, 1918. 

By HEEBERT H. KIMBALL, Prof- of Meteorology. 
[Dated: Weather Bureau, Washington, D. C., Dec. 30, 1918.1 

For a description of instrumental exposures, and an 
account of the methods of obtaining and reducing the 
measurements, the reader is referred to the REVIEW 
for January, 1918, 46:2. 
The monthly .means and departures from normal 

values in Table 1 show that direct solar radiation inten- 
sities measured slightly above normal at Madison, Wis., 
and slight1 below normal at Washington, D. C., and 

Fe, N. Mex., on account'of a defect in the galvanometer. 
On the 29th, extrapolation of the measurements' ob- 

tained at Washington, Madison, and Lincoln to zero air 
masa gives, respectively, 1.71, 1.72, and 1.73 calories per 
minute per cm.' The agreement in these values is very 
close, es ecially when we take into account thevapor res- 

Table 3 shows a deficit of radiation at tlll three stations, 
amounting to 7 per cent of the November normal at 
Washington, 8 per cent at Madison, and 6 per cent at 
Lincoln. 

Skylight polarization measurements made at  Washing- 
ton on 7 days give a mean of 59 er cent, and a masi- 
mum of 64 per cent on the 6th. &us latter is below the 
average maximum for November at  Washington, Mea- 
suremen&.obtained at  Madison on 9 days give a mean 
of 66 per cent and a maximum of 73 per cent on the 12th. 

TABLE 1.-Solar radiation in td t i e s  during November, 1916. 
[Qramcslolles per mluute per square mtlmehr of normal surface.] 

Weshlngton, D. C. 

Lincoln, Ne < r. Nomeasurementa were obtained at Santa 

sure at  t 7l e three stations, as shown by the data in Ta t le 2. 

.......................... .................... 
.................... 

.......................... 

TABLE l.-SoZur radiation intensities during November,l918Antd. 

A. m. 
a 

Nov. 1 

3 ...... 
8 
9 ...... .. 

Sun's zenith distance. 

0.0- I I I I I I I I I  48.3' 60.00 65.5- 70.70 73.6- 75.70 77.40 78.7. 79.8. 
Date. 

Ah mass. 

1 . 0 1 1 . 5  2.0 2.5 3.0 3.5 4.0 

.................... 1.32 1.23 

[*1.55] ....... 1.36 1.28 .................... 1.28 1.17 
[*1.61] 1.42 1.33 

.................... 1.28 1.15 

....... 
1.01 

1.16 
1-09 

1.13 

...... 
1.10 

.................... 0.92 0.86 ........................... ................................. ................................. ........................... ........................... ................................. ................................. ........................... 
1.01 .................... 

(1.07) ....... (0.92) (0.86) 

................................. 6.0 

CQl. 

0.87 

0.57 

0.SS 

0.90 
0.83 

0.87 

t-0.10 

0.60 
0.56 
0.47 

-- 

_._._.I 

0.80 
0.94 

0.67 

-0.05 

5.5 

eal. ............ ............ ._._.. ............ ...... ...... 
0.82 

............ ............ 

............ ...... --.-.. 
(0.82) 

+O.Il 

.--.-. 
0.52 ...... ............. ............. ............. ...... ...... 

(0.52) 

-0.16 

3.6 

CQl. 
0.88 

0.99 
0.99 

1.08 
0.83 
0.73 
1.07 
0.91 
1.08 
0.99 

0.M 

to.05 

....... 
0.89 
0.84 
0.80 

0.85 

1.07 

0.83 

-0.06 

............. 

............. 

4.0 

cal. 
0.80 

0.93 

0.99 

0.88 
1.00 
0.87 
1.00 
0.93 

0.n 

+O.M 

0.68 
0.65 
0.57 
0 .M 

-- 

.............. 
....... .............. 
....... 

...... 
1.03 

0.72 

4 . 0 9  

A.M.  
Nw. 1 a 

8 
7 ...... 
8 

11 
13 
14 
19 
27.. 
29 ...... 
30 

Ed. Ed. Ed. .......................... ............. 1.15 1.04 ............. 1.25 1.13 
[*l.sol 1.m 1.21 .................... 0.90 .................... 1.29 .................... 1.08 .................... 1.03 

[ * 1 . 4  ............. .................... 1.27 

.......................... ........................ 

M o n t h l y  
means 

Departure 
from $year 
normal...._ 

. ................... 1.35 1.25 

.............. -0.01 -0.05 

P. m. 
Nov. 1 

3 
9 

13 
18 
19 

.......................... .( L17 .................... 1.38 1.26 .................... 1.41 1.32 .................... 1.32 1 . B  .................... 1.42 1.35 .................... 1.35 1.26 

1.02 
1.08 
1.16 
1.06 
1.22 
1.10 

0.88 0.90 0 . 1  0.78 
1.02 ....... 0.88 0.81 
1.08 1.03 0.97 0.92 
0.99 0.92 0.86 0.80 
1.16 1.10 ............. 
1.04. 0.98 0.92 0.87 

M o n t h l y  
Departure  
from Il-year 
pormal..... 

P. m. 
Nw. 6 ia 

18 
14 
% 

............ 1.23 1.12 

....... -0.12 -0.06 

...................... 1 11 .................... o:w .................... 0.98 .................... 1.a .................... 1.25 

M o n t h l y  
means 

Departure 
from 4year 
normal 

................... 1.36 1.26 

................... -0.03 -0.02 

M o n t h l y  
Departure  
from 11-year 
nonMl....- 

means ................... 1.14 

.............. -0.01 

I, w1 Madia 

A. 16. 
Nov. 12 ............................ 

13 ..... 1 ...... 1 ...... 1 1.39 1 _. 
1. I9 
1.25 
0.97 
1.27 
1.25 
1.17 
1. 24 
1.27 

1.20 

t0.M 

1. OB 

1.23 
1.00 

1.21 

..... 

..... 

..... ..... 
1.13 

-0.03 

...... 
1.32 
1.01 
1.37 
1.33 
1.25 
1.33 
.l. 34 

...... 
1.19 
0.90 
1.19 
1.17 
1.09 
1.15 
1. a0 

1. I3 

-0.01 

...... ...... ...... 
0.92 
1.17 ...... ...... ..... 

J.04) 

L0.01  

I4 ..... ..... ............. 
23.. 
25.. 
26.. 
27 
a0 ...... .............. 

1.04 0.971 0.92 0.92 

-0.01 i o . 0 0  +O.Y +0.11 

means 

I I I I  

Llncoln, Nebr. 
- 

____. 
1.08 
1.17 

1.24 
1.17 
1.16 

1.22 

1.22 

1.18 

-0.05 

1.08 
1.17 
1.24 
1.14 
1. is 
1.18 

1.23 
1. n 

1.19 

-0.02 

.--.. 

..... 

..... 

..... 

I I I 

lmw- I Air mass. I1 
13 ...... ....... 1.36 ...... 
18 ...... ....... 
19 ...... '1.481 ....... 
25 ........................... 1.23 
29 ...... [*1.49] .............. 

- 
4.5 2.5 8.0 

1-1-1- 

CQl. 
1. 08 
0.94 
1. 08 
1. 12 
0.77 
1.21 
1.00 
0.93 

1.03 
1.23 
1.17 

1.06 

-0. ol 

0.90 
0.89 
0.91 
1.01 
1.18 
1.05 
L 11 

1. m 

...... 
1.03 

-0.03 - 

Ea2. 
0.98 
0. i 9  
1.04 
1.05 
0.87 
1.13 
0. 92 
0.81 
1.14 
0.96 
1.14 
1.07 

0.98 

-0.03 

...... 
0.85 
0.74 
0.92 

1.00 
1.01 
1.17 

a. M 

-0.01 

...... 

- 

eal. 

0.91 

...... ...... 

...... ...... 
am ...... ...... 
0.93 

0.93 
0.87 

0.91 

10.09 

...... 

....... 
0.80 
0.51 
0.64 ..--.. ...... ..-.-. 
0.98 

0.68 

-0.88 
- 

-0.03 &O.W ....... 

................................. 
1.16 1.11 1.05 0.w 093 
1.10 ..................... ..a / I l l  
1.111 1.051 1.001 0.911 0.84 

-0.01 -0.01 hO.00 -0.02 -0.05 

* Extrapolated, and reduced to mean solar distance. 
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1918. 
Nov. 1 ...... a ...... 
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8 ...... 
9 ...... 

11 ...... 
13 ...... 
18 ...... 
19 ...... 
29 ...... as ...... 
30 .___.. ................... ................... 
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8a.m 

mm. 
8.63 
3.99 
6.79 
4.57 
3.63 
6.66 
3.W 
3.30 
3.45 

1.98 
2.71 

a.16 
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1918. 
Nov. 1. ...... 

a ....... 
6 ....... 
7 _____.. 
8 _..___. 

11 ....... 
13 ....... 
14 ....... 
19 ....... 
26 ....... 
a7 ....... 
29 --..-.. 
30 ....... 

ia ....... 

TABLE 2. -Vap pwes  at pyrhe~ivmetrk s t a h  on days when solar 
radiationintenmtus WW6 mcasWed. 

mm. 
4.57 
4.75 
4.57 
4.57 
6.- 
3.81 

4.67 
3.30 
5.79 
2 8 7  
z 8 7  
6.Q 
3.80 

3.63 

in the form of a 3-lead resistance thermometer, having 
a total resistance of from 20 to 25 ohms. The coil serves 
both as the thermometer and as the heater for the pur- 
pose of an electrical calibration, the rise in temperature 
of the thermometer being observed when a known 
amount of electrical energy IS dissipated in the coil. The 
receiver is mounted w i t h  a metal shell, which is incased 
by a wooden shell in order to reduce local temperature 
variations to a minimum, and the type of suspension of 
the receiver is such that thermal losses by conduction 
are ne ligible. Before the front faceof the receiver n lim- 

Japhragm is laced, and leadin from this, through 

and blackened tube which serves the purpose of hmitmg 
the cone of rays to a convenient solid angle greater than 
that subtended by the sun. The end of the tube carries 
a double-walled aluminum shutter, operated b a m 
netic release controlled by a chronograph, whic l may T- e 
so set as to open or close the shutter at  any desired 
instant. For solar work the instrument is mounted as 
an equatorial telescope and is driven by clockwork, 80 
that the surface of the receiver is always presented 
normal1 to the sun. 

The B etermination of the relation between the tem- 
perature of the thermometer and ite resistance requires 
an inde endent experiment in which the receiver is 
remove from the yrheliometer and mounted in a con- 
stant temperature ath, the tem erature of which may 
be varied over the range requireb: The tem erature re- 
lation so found ma be accurately 8x resse a by a para- 
bolic equation, an B for silver block rp 0. 111, which was 
employed in the present investigation, R= 19.521 + 
0.OS394t+0.00010127P, where t is the tem erature centi- . These data were obtained b Pro!. H. H. Kim- 

The electrical calibration was made by subjecting the 
nickel coil of the thermometer to a measured current 
and observing the change in temperature indicated b 
the thermometer. The radiometric calibration was ma B e 
in a similar manner exce t that the heat was supplied by 
radiation from an outsi 2 e source. The source employed 
was a Lummer-Kurlbaum black body, or a black body 
of similar type, electrically heated, mth a compensating 
winding to reduce the adient and to ap- 

the inner inclosure, radiation was taken, 
was measured by standard platinum, p.htinum-rhodium 
thermocouples, accurately calibrated 111 terms of the 
melting points of zinc (419.4'), antimony (630.5'), and 
copper (1083'). A water-cooled diaphragm was mounted 
directly in front of the opening to the furnace. This 
diaphragm acts as the dective source of radiation. The 
equation of rate of energy transfer from the furnace to 
the pyrheliometer receiver is as follows when R is large 
compared with d& and 

itin? a ho e in the met a f  and wooden she1 f s, is a diaphyped 

! a 

f z p o f  the United States Weather B ureau. 

proximate temperature %e temperature of 

Deaade hBp(yt&. 

Lincoln, Nebr. 

................. .., 

Wsshinetom, D. C. 

ed. 
364 
833 
338 
!a5 
47 
78 
44 

863 
7S2 

316 

180 
49 

48 
330 

58 

3011 

a75 

53 

a01 

l4rIdkmD wis. 

Date. 8a.m. 8p.m I-/_ 

-- 
ed. - 75 - 39 

64 
-35 - 47 

57 
47 

-164 
51 

8 0 9 8 8  
58 

86 
16 

-178 
- 8 0  

- 88 

a 

36 

- 67 

- ia 

- 
1p.m 

ed. 
84 - 39 

-137 
10 
30 
a7 

4a 

-119 - 16 
-117 

- 
1p.m. 

mm. 

- 

7.57 
9.47 
7.04 
4.37 
5.36 

7. a9 
4.37 
5.79 
3.45 
3.63 
4.57 

a. 48 

.__.._ .._.__ 
- 

--- 
ed. ml. 

97 - 76 
78 -114 
87 - 60 - 13 - 95 -iw -143 

-itxi - 85 

60 , -140 

-198 - 38 
69 - 36 

118 --r)o 

Cd. 
185 

308 
a17 

304 

241 
72 

815 aec 

a32 
l66 

1 m  
lea 
116 

ai7 

ma 

ZM 

aa 

Date. 1as.m 

ed. m 
61 

198 

m 
! m e 4  

160 
67 

MB 
241 

! m . a 4 a  
l54m 

65 
23 

30 
45 
a3 

153 

ai4 

au 

se 

mm. 
3.81 
3 4 5  
4.75 
6.02 
7.57 
3 . w  
4.67 
6.36 a 81 
6.50 
a63 
8. BB 
8.81 
2 49 

67 
75 
78 
46 

-103 
-l33 
-117 

- 9 3  
-Ia1 -103 

79 
88 
49 - 64 

-173 
-167 
-169 

-l53 
!E 

I 

-101 -163 
39 -116 
73 - 74 
83 49 

63 78 
88 -109 

68 8!2 

.............. 

67 55 

-m 98 

60 67 

.............. 

- 1 8  

-443 
--Mn 
-m 
-533 

-488 
-413 

-500 
-437 

-IO6 

-ala 

-557 

21 ........... 88 

ZI ........... 191 
a4 ........... 185 si ........... m 

aa ........... Dl 

28 ........... 230 
a7 ........... 
28 ........... 36 
29 ........... W 
30 ........... 238 

39 46 -na 
ala 131 - 1 am =a -as 
r)l a58' ai 

180 91 - 64 

197 a77 46 
a 5 5 1 9 9  88 53 

11 291 -144 
1W a76 67 
190 268 63 

........................... ........................... ........................... ........................... ........................... I 1  
TABLE 3.-Daily tolala and departures of sotar and sky radiation during 

N o v d m ,  1918. 

[Oram-calories per sqmm centlmeter of horkantal s w . ]  

E m s  or deficiency 
since flrst of month. 

- 
Lin. 
Dln. 

I II- 
Mad- 
ison. 

Wl.  
84 
45 

- 9 a  -sa 

-144 
-160 

--a35 

-178 
-103 
- 2 5  

- 8 a  

-453 
-556 
-649 

-414 

-753 
-714 
-641 
-558 
-491 
-4% 
-383 
-483 
-415 
-35s 

+294 

+IS4 +o. 1 

- 5a - a5 

-an 

ai 
-ai5 
-333 

WI. 
97 

175 
asa 
a49 
51 

-114 
-310 
-241 

-63 

16 
104 
l53 
89 

- 8 4  
-251 
-4m 
-315 
-aa7 
-380 

-317 

-543 
-669 
-733 
-884 
-629 
-551 
-680 
-564 

-416 

- -  35 
-550 
-0.4 

-la3 

-aa 

- 

No! r. l.......... . 
8.. ......... 
4.. ......... 
6.. ......... 
6.. ......... 
7.. ......... 
9. .......... 

10.. ......... 
11 ........... 
11 ........... 
13.. ......... 
14. .......... 
16. .......... 
16.. ......... 
17.: ......... 
la.. ......... 
19.. ......... 
10.. ......... 

a.. ......... 

8.. ......... 
-63 
- 5  

31 
66 aa 
a5 

-153 
-a33 
-a45 
-331 
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SO= CHABACTEEISTICS 08 TgE MAE- PYBHELIOm- 
TEE. 

By PAUL D. FOOTE, Associate Phyeicht, Bureau of Standards. 
~ e n t l f l c  Paper8 d the Buresu of Standards, No. m.] 

(Issned W ~ h h g t o n ,  June 2e.1918.) 

[Abstract.] 

. 

This pyrheliometer is dynamic in t y p  in that it is 
necessary to consider the rate at  which e receiver ga@s 
heat when exposed to radiation and the rate at  which 
the receiver loses heat when shaded from radiation. 
The essential feature of the instrument is the receiver. 

In the form used in the present work it consisted of a 
silver disk about 4.5 om. in d.iameter and 0.3 cm. thick, 
in an annular space inside of which is carefully mounted 
with the be& possible thermal contact a noninductive 
epirally wound coil of No. 35 silk insulated nickel wire 

where J-energy transferred per unit time from furnace 
to receiver. 

A,=area of water cooled diaphragm in front of 
furnace. 

A, = area of inmost or dective diaphragm in the 
pyrheliometer. 

T = absolute temperature of furnace. 
To 3: absolute temperature of pyrheliometer re- 

ceiver and surroundings. 
u = the Stefan-Boltzmann coefficient of radiation. 
R - distance from A, to AS. 


